Objective: To determine the influence of cardio-pulmonary-bypass-time on hospital mortality and ICU-morbidity in isolated CABG surgery. Methods: Between 1985 and 1994 perioperative data of 8578 consecutive CABG operations were prospectively collected. Seven variables: gender, redo vs. primary operation, elective vs. urgent surgery, age in 4 categories, use of IMA, number of distal anastomoses ( \4 vs. B =4), and cardio-pulmonary-bypass-time in four categories were entered in multivariate logistic regression analysis and odds ratios for respective cardio-pulmonary-bypass-time-categories with regard to mortality, length-of-stay in the ICU and 8 ICU-complications were calculated. Bypass-time up to 90 min was the reference category, the other categories were from 1.5 to 2.5 h, 2.5 to 3.5 h, and longer than 3.5 h. Results: 8337 operations had complete data. Mortality and ICU-morbidity were low. The odds ratios for mortality were 2.3 (P=0.0094), 7.4 (PB 0.0001) and 20.7 (PB 0.0001) for ascending bypass-time-categories. The odds ratios for prolonged ICU-stay were 1.8 (P = 0.0002), 3.3 (P B 0.0001) and 7.9 (P B 0.0001) for ascending bypass-time-categories. For postoperative complications the same pattern was found: consequently higher odds ratios for longer bypass-time-categories. Conclusion: The highly significant correlation between cardio-pulmonary-bypass-time-category and the occurrence of undesirable postoperative events is demonstrated by the consequent rise in odds ratios. This independent influence of cardio-pulmonary-bypass-time on outcome reflects both problems encountered during revascularisation and time-related influence of cardio-pulmonary-bypass on the human body. When a predictive model was created, CPBT proved to be a good predictor of undesirable postoperative events. © 1997 Elsevier Science B.V.
Introduction
Insight into the factors which influence the outcome of cardiac surgery may improve the efficacy of a cardiosurgical program. The availability of powerful personal computers and easy-to-use software has contributed to the popularity of recording data in databases and scrutinising these databases with statistical techniques that reveal relations between preoperative parameters, perioperative events and postoperative outcome parameters. Several investigators have developed predictive models to quantify the mathematical relationship between preoperative parameters and/or intraoperative parameters and outcome. Most models focus on preoperative parameters as inputvariables and mortality as outputvariable [3, 8, 11, 12, 15, 16, [23] [24] [25] [26] [27] 37] or morbidity, in terms of complications or length-of-stay, as outputvariable. [7, 9, 13, 15, 21, [32] [33] [34] 37] These models deserve merit in the fact that they can be used for preoperative individual risk-stratification and comparison of results between hospitals using equality-of-risk groups. When intraoperative parameters, for instance Cardio-Pulmonary-Bypass-Time (CPBT), aortic cross-clamp time, anaesthesiologist, surgeon or postoperative complications are added to the inputvariables, most of the preoperative variables lose their significance in multivariate analysis [14, 19, 21, 33, 36, 37] . This emphasises the importance of periprocedural factors over preoperative factors in predicting outcome. Including perioperative factors in outcome analysis builds better models, but such a model cannot be used for preoperative risk-stratification. From the point of view of the intensivist, however, who is responsible for the postoperative course and needs some objective means for patient risk stratification at the moment the patient enters the intensive care unit (ICU), it is reasonable to include intraoperative variables. The major severity scoring systems (APACHE, SAPS, MPM) for general ICU purposes do not adequately address cardiac surgery patients. Inclusion of intraoperative and postoperative variables improves predictive ability [9, 36] . CPBT may be a good intraoperative variable, as it is readily available, objectively and accurately measurable and has been demonstrated before by numerous investigators to correlate in some way to mortality [14, 19] and morbidity [2,4 -6,17,18,20,28,29,35,36] . Our study was carried out to investigate the exact correlation in terms of odds ratios between CPBT-categories and undesirable postoperative events in our own patient population.
Materials and methods
The St. Antonius Hospital, Nieuwegein, The Netherlands, is a teaching hospital, where, during the study period, 1500 cardiac operations were performed yearly. The 36-beds ICU has 24 beds earmarked for cardiac surgery. There is no step-down unit. Patients stay in the ICU until they are well enough to be transferred to the general ward. The postoperative care is carried out by a multidisciplinary team, co-ordinated by an anaesthesiologist-intensivist. Cardiopulmonary bypass is performed with a membrane oxygenator under mild to moderate hypothermia. Bleese solution is used to achieve cold cardioplegic arrest [1] . Vasodilatation is encouraged through deep opioid-based anaesthesia and generous use of specific vasodilators, to achieve high output and low pressure hemodynamics.
After arrival in the ICU every patient has a datasheet filled in by a staff-anaesthesiologist with standardised preoperative and intraoperative data. The moment the patient leaves the ICU the responsible intensivist completes the data-sheet describing the postoperative course in a standardised organ-oriented way, reporting all possible complications. Data regarding age, hospital mortality and ICU-length-of-stay were double checked using the hospital information system. All data were recorded in the ICU-database. Quality of data-collection was enhanced by performing several logical checks.
Definitions of postoperative events reported in this study were as follows: ICU-length-of-stay is the sum of days spent in the ICU; neurologic complication is a new clinical or computertomographically proven cerebrovascular accident and/or unintended coma longer than 24 h; circulatory failure is a cardiac index lower than 2.5 l/min per m 2 (repeated measures) or a mixed venous saturation lower than 60% (repeated measures) or the use of an Intra Aortic Balloon Pump; rhythm complication refers to ventricular rhythm disturbances requiring intervention; respiratory failure is requiring more than 3 days of artificial ventilation, or reintubation, or ventilation with an inspiratory oxygen fraction greater than 0.6; renal failure is requiring renal function replacing therapy, or a serum creatinineconcentration higher than 250 micromoles per litre; severe bleeding is a total chest tube drainage outside the 95th percentile, i.e. 2400 cc., or requiring bloodproduct transfusions outside the 95th percentile, i.e. \ 7 U erythrocytes or \7 U Fresh Frozen Plasma; rethoracotomy is requiring surgical reintervention; infection is any clinically proven infection requiring antibiotic therapy. Age was categorised in four categories: 18-49, 50-59, 60-69 and 70 years and over. CPBT was categorised in four categories: B 90, 90-149, 150-209 and \ 210 min.
To attain uniform patient categories, inclusion in this survey was restricted to isolated CABG operations. CABG operations were subdivided in primary or redo operations, elective or urgent operations, use or nonuse of an Internal Mammarian Artery (IMA) and up to 4 or more than 4 distal anastomoses.
The study period was from January 1985 to January 1994.
Statistical analyses were performed, using SPSS 6.0. (SPSS Inc. Chicago, Ill, USA) Odds ratios were calculated using multivariate logistic regression. Significance means the 95% confidence interval for the odds ratio excludes 1. A predictive model was created through forward stepwise logistic regression, using conditional parameter estimates to include or reject variables at thresholds of 0.05 and 0.10, respectively [22] . To measure the accuracy of the model, a receiver operating characteristic (ROC) curve was created and the area under the curve was calculated [10, 31] .
Results
During the study period 8578 isolated CABG procedures were admitted in the ICU; 6816 patients were men and 1762 were women. There were 7916 primary CABG operations and 662 redo-operations (redo-frequency= 7.7%). 8079 procedures were scheduled elective, 499 were urgent (non-elective-frequency=5.8%). The IMA was used in operations (IMA-frequency= 65.5%); increasing from 47% in 1985 to 79% ). The day of the operation and the day the patient leaves the ICU were both counted as whole days. Table 1 shows the number of patients in each CPBT-category and the overall incidence of each complication. For each of the before mentioned outcomevariables odds ratios for respective CPBT-categories, derived from multivariate logistic regression, controlling for gender, age-category, urgency, redo operation, use of the IMA and number of anastomoses, are also given in Table 1 . A predictive model for hospital mortality, derived by forward stepwise logistic regression, is shown in Table 2 . In this model age and CPBT were not categorised. The variables gender and use of IMA were rejected during the regression procedure. The ROC curve for this model is shown in Fig. 1 . The area under the ROC curve equals 0.81.
Discussion
Mortality and the incidence of severe postoperative complications were acceptably low in this group of CABG patients [ 3,9,12,15,16,19,23,24,30,33,35] . In Table 1 the odds ratios for undesirable postoperative events consequently rise in higher CPBT-categories in respect to the reference category. Significance is already reached in the 90-149 min CPBT-category, except for rhythm complications, rethoracotomy, infection and neurologic complications. In the higher CPBT-categories all odds ratios were significant. Controlling for factors that have been shown to influence morbidity and mortality or influence CPBT itself, reoperation, urgent operation, age, gender, use of IMA and number of distal anastomoses, emphasises the independent character of CPBT. Some reservations must be kept in mind, though, while interpreting the results of multivariate regression analysis. The results of such an analysis depends entirely on the variables that are introduced in the computation. As investigators use different variables, or use unequal definitions for variables, the result of regression will not be the same. True independence, or the ultimate coefficients, can only be disclosed if all variables that influence outcome are entered. It will remain an illusion as not all factors are known, or can be defined properly. Due to the retro- S.E., standard error; Redo, reoperation; Urgent, non-elective operation, \4 DA, more than 4 distal anastomoses; in years; CPBT, cardiopulmonary bypass time (min). Fig. 1 . Receiver operating characteristic curve for the model described in Table 2 .
The longer the patient is on bypass, the higher the risk of such an event happening.
Any model, that predicts postoperative events, will perform better, if an intraoperative variable is included. This investigation has shown CPBT to have a strong correlation with morbidity and mortality. From the postoperative point of view it is a feasible and strong predictor of undesirable postoperative events. spective design of the study the question of what causes adverse postoperative events cannot be answered. As for now we have to restrict ourselves to identify factors which may contribute to outcome. CPBT is undoubtedly such a factor. The correlation between longer CPBT and the occurrence of adverse events has been reported before by several authors [4 -6,14,18 -20,28,29,35] . A simple model, made from straightforward variables that characterise the performed operation, primary or redo, urgent or elective, number of distal anastomoses and CPBT, and the age of the patient, predicts mortality better than models based on preoperative variables [7, 24, 27] . Only sophisticated models that include intraoperative or postoperative measurements, like APACHE II or the model derived by Turner [36] perform better with areas under the ROC curve of, respectively, 0.84 and 0.87. The latter model includes CPBT and both models use variables from the first 24 h in the ICU, reflecting complications that already have happened.
The incidence of severe complications and mortality are low after CABG operations. They cannot be predicted by preoperative variables, but seem to be the result of unforeseen events [37] . CPBT is an intraoperative variable that is objective and readily available. It has a clear and strong relationship with morbidity and mortality. The reason for this is 2-fold. CPBT reflects some unforeseen events, like technical difficulties in revacularisation leading to longer CPBT or problems with weaning from bypass. At the same time cardiopulmonary bypass itself has time-related influence on the human body. It causes a systemic inflammatory response through complement activation and damaging platelets, which is more severe as CPBT is longer. Moreover, cardiopulmonary bypass, although safe in the hands of most of us, exposes patient to human and technical errors which have severe consequences.
